
WOOMERA, AUSTRALIA

The favored Australian site lay on the southern edge of the great inland desert region
at a place called Woomera, about 350 kilometers north of the city of Adelaide, capital
of the state of South Australia. Approximately 110 degrees west of the longitude of
Goldstone, Woomera was already a missile and long-range rocket test center operated
by WRE. The local language was English, and the nearby rocket and missile test activ-
ities would provide a pool of technical expertise and facilities. Furthermore, in the same
area, the Australians had already installed, and were operating, a U.S. Navy minitrack
station and a Smithsonian Baker-Nunn tracking camera as part of its participation in
the IGY.

The signing of a “construction and operation” contract for the antenna around early
April 1960 allowed both JPL and WRE to begin making major moves toward con-
struction of a NASA deep space tracking station at Woomera. WRE initiated the road,
buildings, power generation, and foundation work. JPL began shipping antenna com-
ponents and the electronics for the station.

The antenna was finally built at a site known locally as “Island Lagoon,” so named for
the nearby dry lake which appeared to have an island at the center. Working under a
JPL contract with supervisor Floyd W. Stoller, Blaw-Knox began assembling and erect-
ing the antenna in May 1960. By August, the antenna was complete and an electronics
team began installing the radio and tracking equipment, most of which had been sup-
plied by Collins Radio Company. When NASA built the second and third 26-m antennas
in Woomera, Australia, and Johannesburg, South Africa, the task of integrating the new
antennas with their electronics equipment and bringing the two new stations into oper-
ation fell to Richard “Dick” Mallis.

Richard Mallis was an outgoing individual, easy to work with, sociable, and much respect-
ed by his colleagues. He was an excellent manager with good communications and
technical skills and an appreciation for the different institutional environments at all
three antenna locations. When he went to JPL in 1955 to work on radio guidance sys-
tems for the Army’s Sergeant missile program, native Californian Richard K. Mallis took
with him a degree in mechanical engineering from the University of Southern California
and a Navy background. Caught up in the changes that swept JPL into the space pro-
gram in 1958, he assisted with the construction of the first 26-m antenna at Goldstone,
and later implemented the down-range tracking station in Puerto Rico to cover the
launches of the Army’s two Pioneer lunar probes.
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Together with Goldstone, the three stations of the Deep Space Instrumentation Facility
finally formed a worldwide network. With these completed in time to support JPL’s first
Ranger lunar missions, Mallis returned to JPL to take up a staff position in Renzetti’s
new Communications Engineering and Operations Section. He was responsible for
Operations, regulating the way the Network carried out its day-to-day tracking func-
tions. In this role, he set-up a Network-wide logistics and repair program, a frequency
and timing standards program, a documentation system, and a training program for
operations and maintenance personnel. This essential infrastructure remained the basis
for all operations, maintenance, quality control, and configuration management process-
es as the worldwide Network expanded in size and capability through the years. He
integrated the first commercial contractor, Bendix Field Engineering Corporation, into
the DSIF as the operations and maintenance service provider for the Goldstone facili-
ty. In later years, as his responsibilities expanded to include the Space Flight Operations
Facility at JPL in addition to the DSN, he became Manager of the Operations Division.
Eventually he transferred elsewhere in JPL to further his professional career. However,
because of his unique experience with service contract management, he was frequently
called upon to assist the DSN in evaluating new contract proposals when existing serv-
ice contracts expired. He retired in 1993 after 37 years of service at JPL and later took
up residence in Australia.

In a final spectacular exercise on 3 November 1960, the Woomera station demonstrat-
ed its operational status by receiving voice and teletype messages transmitted from Goldstone
via reflection from the Moon. The JPL onsite manager, Richard K. Mallis, departed
Woomera four days later, after turning the new facility over to WRE for its future man-
agement and operation. The Australian engineers soon demonstrated their ability to
handle the technical complexities of the new “space age” facility for which they had
accepted operational responsibility. In a repeat of the “Moon bounce” experiment on 10
February 1961, during the official opening formalities, the station passed a congratula-
tory message from NASA Deputy Administrator Hugh Dryden in Washington to Australian
Minister of Supply Alan Hume at Woomera over a “Moon bounce” communications
link.

The photograph of the completed Woomera Tracking Station in Figure 1-6 shows the
26-meter-diameter antenna, the electronics equipment building, and service and facility
structures. Island Lagoon is visible at the horizon to the left of the antenna structure.

The first overseas station of the Deep Space Instrumentation Facility (DSIF) was ready
to enter operational service. Designated DSIF 41, Woomera, it would see eleven years
of valuable service before being superseded by new stations at Tidbinbilla, near Canberra,
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in southeast Australia. The Woomera station ceased operations on 22 December 1972,
as part of a NASA program to consolidate overseas station facilities. Initial proposals to
move the antenna to a new, more accessible location where it could be used for Australian
radio astronomy purposes were not successful because the Department of Supply deter-
mined that the cost of transporting the antenna was excessive. Eventually, it was dismantled
and sold for scrap despite the vigorous protests of several prominent members of the
Australian scientific community.
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Figure 1-6. The 26-meter antenna and tracking station (DSIF 41), Woomera, Australia, 1961.

01 chapter  9/4/02  12:07 PM  Page 22


	Uplink-Downlink
	Table of Contents
	Dedication
	Foreword
	Acknowledgments
	Preface
	Introduction
	The Solar System
	Size and Composition
	Terrestrial Planets
	Jovian Planets
	Inner and Outer Planets
	Asteroids
	Comets

	Earth and Its Reference Systems
	Earth Motions
	Time Conventions

	Interplanetary Trajectories
	Deep Space Communications
	Bands and Frequencies
	Doppler Effect
	Cassegrain Focus Antennas
	Uplink and Downlink
	Signal Power
	Coherence
	Decibels
	Modulation and Demodulation
	Spacecraft Radio System

	An Essential Part of the Answer

	Chapter 1—Genesis: 1957-1961
	Goldstone, California
	The Pioneer Lunar Probes
	The Echo Balloon Experiment

	The Venus Radar Experiment
	Research and Development Antenna

	Washington, DC
	Woomera, Australia
	Johannesburg, South Africa
	Endnotes

	Chapter 2—The Mariner Era: 1961-1974
	The Mariner Era Mission Set
	The Ranger Lunar Missions
	Mariner Planetary Missions
	Mariner 1962
	Mariner 1964
	Mariner 1967
	Mariner 1969
	Mariner 1971
	Mariner 1973

	Pioneer Interplanetary Missions
	Pioneer Jupiter Missions
	Surveyor Lunar Lander Missions
	Lunar Orbiter Missions
	Apollo Missions

	The Deep Space Instrumentation Facility (DSIF)
	The Facility (DSIF) Becomes a Network (DSN)
	L-band to S-band
	Improvements for the Mariner Mars Missions
	The Need for a Second Network
	Larger Antennas are Needed
	Incremental Improvements in the Network
	Flight Project Requirements Become Formalized
	The DSN Becomes a Multimission Network
	Openings and Closings

	Looking Back
	Endnotes

	Chapter 3—The Viking Era: 1974-1978
	The Viking Era Mission Set
	The Network
	Network Operations
	The Helios Mission
	The Viking Mission
	The Voyager Mission
	Pioneers 6-11
	Pioneer Venus

	Network Engineering and Implementation
	The DSN Mark III System Design
	Implementation for Viking
	DSN Mark III-75 Model
	The 64-meter Stations
	The 26-meter Stations
	High-Power Transmitter
	Mars Radar
	The Introduction of X-band
	The 64-meter Antenna Problems
	DSN Mark III Data System Project
	Mark III Data System (MDS) Implementation
	DSN Mark III-77 Model
	DSN Mark III-77 Telemetry System
	DSN Mark III-77 Command System
	DSN Mark III-77 Tracking System
	DSN Mark III-77 Ground Communications
	DSN Mark III-77 Arraying Capability
	DSN Mark III-77 Decoding Capability
	The 26-meter Antenna S-X Conversion Project

	Overview
	Endnotes

	Chapter 4—The Voyager Era: 1977-1986
	The Voyager Era
	Deep Space Missions
	Earth-Orbiting Missions

	Network Operations
	Prime Missions
	Voyager at Jupiter
	Voyager at Saturn
	Venus Balloon/Pathfinder

	Voyager at Uranus
	Uranus Encounter

	Extended Missions
	Helios
	Viking at Mars
	Pioneers 6-9
	Pioneers 10, 11
	Pioneer 12 (Venus Orbiter)

	Highly-elliptical Orbiters
	ICE
	AMPTE

	Reimbursable Missions
	Network Engineering and Implementation
	New 34-meter High-Efficiency Antennas
	The 64-meter to 70-meter Antenna Extension
	Rehabilitation of DSS 14 Pedestal
	DSS 14 Azimuth Radial Bearing
	DSS 43 Pedestal
	Antenna Performance Upgrade
	Microwave Design Considerations
	Kicker Braces
	Subreflector
	Surface Panels
	Madrid Site Implementation
	Canberra Site Implementation
	Goldstone Site Implementation


	Networks Consolidation
	Mark IVA Implementation
	Signal Processing Centers
	Mark IVA Network Operations Control Center
	Mark IVA Ground Communications Facility
	DSN Mark IVA System Upgrades
	Mark IVA Telemetry
	Mark IVA Command
	Mark IVA Tracking


	An Abrupt Transition
	Endnotes

	Chapter 5—The Galileo Era: 1986-1996
	The Galileo Era
	A Defining Moment
	Mission Set
	Overview

	Network Operations
	Deep Space Prime Missions
	The Comet Halley Missions
	Giotto
	Phobos
	Background for Magellan
	Magellan Mission to Venus
	Voyager at Neptune
	Background for Galileo
	Galileo Mission to Jupiter
	Background for Ulysses
	Ulysses Solar Mission
	Background for Mars Observer
	Mars Observer Mission

	Deep Space Extended Missions
	The Pioneer Missions
	International Cometary Explorer (ICE)
	Voyager Interstellar Mission

	Earth Orbiter Missions
	General
	Emergency Mission Support


	Network Engineering and Implementation
	The 70-meter Antennas
	Elevation Bearing Failure
	Gearbox Rehabilitation
	Subreflector Drive Problems

	Interagency Arraying
	Parkes-Canberra Telemetry Array
	VLA-Goldstone Telemetry Array

	The X-band Uplink
	Block V Receiver
	The DSN Galileo Telemetry (DGT) Subsystem
	Beam Waveguide Antennas

	Signal Processiong Center Upgrade Task
	Background
	Signal Processing Centers Upgrade
	SPC Telemetry
	SPC Command
	SPC Tracking

	Network Operations Control Center
	Ground Communications Facility

	A Successful Conclusion
	Endnotes

	Chapter 6—The Cassini Era: 1996-1997
	The Cassini Era
	Winds of Change
	The Cassini Era Mission Set

	Deep Space Missions
	General
	Galileo
	Ulysses
	Voyagers 1 and 2
	Pioneer 10
	Near-Earth Asteroid Rendezvous
	Mars Global Surveyor
	Mars Pathfinder
	Cassini

	Earth-Orbiting Missions
	General
	Space VLBI Observatory Program

	The Network
	Complexes and Antennas
	Ka-band Downlink
	Orbiting VLBI Subnetwork
	Emergency Control Center

	Other Aspects
	Endnotes

	Chapter 7—The Advance of Technology in the Deep Space Network
	The DSN Technology Program
	The Great Antennas of the DSN
	Forward Command/Data Link (Uplink)
	Return Telemetry/Data Link (Downlink)
	Low-Noise Amplifiers
	Phase-Lock Tracking
	Synchronization and Detection
	A Digital Receiver
	Encoding and Decoding
	Data Compression

	Arraying of Antennas
	Radio Metric Techniques
	Doppler and Range Data
	Timing Standards
	Earth Rotation and Propagation Media
	Radio Science
	VLBI and Radio Astronomy
	The Global Positioning System

	Goldstone Solar System Radar
	Telecommunications Performance of the Network
	Cost-Reduction Initiatives

	Ka-band Development
	Other Technologies
	Optical Communication Development
	DSN Science


	Chapter 8—The Deep Space Network as a Scientific Instrument
	The TDA Science Office
	Radio Science
	Celestial Mechanics
	Solar Corona and Solar Wind
	Radio Propagation and Occultation
	Relativistic Time Delay
	Gravitational Waves

	Radio Astronomy
	International Cooperation
	Tidbinbilla Interferometer
	Orbiting VLBI
	Host Country Programs
	Cross-Support Agreements
	Guest Observer Program
	Antenna Utilization for Radio Astronomy
	The DSN Also Benefits
	Significant Advances

	Search for Extraterrestrial Intelligence (SETI)
	Crustal Dynamics
	Planetary Radar
	Asteroids
	Radar Astrometry
	Renaissance
	Significant Events

	Endnotes

	Chapter 9—The Deep Space Network as an Organization in Change
	In the Beginning (1958 to 1963)
	Background
	The Rechtin Years

	The Formative Years (1964 to 1994)
	A DSN Manager for Flight Projects
	The Space Flight Operations Facility
	The Bayley/Lyman Years
	The Dumas/Haynes Years
	The JPL Strategic Plan: 1994
	Birth of the TMOD

	Reinventing the Future (1994 into the New Millennium)
	Reengineering TMOD
	Data Capture Process
	Activity Plan Process

	Reinventing the Future
	“Bridging the Space Frontier”
	TMOD Primary Challenge: 1997


	Endnotes

	List of Figures
	Appendix
	About the Author
	Index
	Other Books in the NASA History Series

	01_WashingtonDC.PDF



